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PROTON CONDUCTION MATERIAL AND METHOD OF MANUFACTURING 

THE SAME 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2002-325598 
5 filed on November 8, 2002, including the specification, drawings, and abstract is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

10 [0002] The invention relates to a proton conduction material that can be 

suitably employed in a fuel cell, a unit for electrolyzing water, a hydrogen sensor, a 
concentration cell, a dehumidifier or the like, and to a method of manufacturing such 
a proton conduction material. More specifically, the invention relates to a proton 
conduction material that can be suitably employed in a catalytic layer of an electrode 
15 of a fuel cell, and to a method of manufacturing such a proton conduction material. 

2. Description of the Related Art 

[0003] A solid polymer type fuel cell has an electrolytic membrane and a 
catalytic layer provided on both faces of the electrolytic membrane. In general, an 
electrolytic membrane and a catalytic layer are constructed as a membrane-electrode 
20 assembly (MEA). 

[0004] The electrolytic membrane is made of a proton conduction material 
which smoothly conducts protons produced in reactions occurring in a cell and 
which exhibits low electrical conductivity. In most cases, polymer materials of 
perfluorocarbon sulfonic acid type typified by Nafion® (manufactured by Du Pont 
25 Co., Ltd.) are used as proton conduction materials that are practically useful in the 
field of solid polymer type fuel cells. 

[0005] As a proton conduction material other than the polymer materials of 
perfluoro sulfonic acid type such as Nafion® or the like, a polymer material which is 
reinforced by metalloxane (including siloxane bonds) and which has a sulfonic acid 
30 functional group is cited as the related art in Japanese Patent Application Laid-Open 
2001-11219 and Published Japanese Translation of PCT Application 10-510090. 
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[0006] In general, a catalytic layer has a structure in which catalytic 
particles functioning as a catalyst are dispersed in a proton conduction material. In 
addition to proton conductivity, an electrolytic membrane is required to have the 
ability to prevent reactive gases in both electrodes from crossing over to each other, 
5 namely, gas sealing properties. On the other hand, it is desired that the proton 

conduction material contained in the catalytic layer exhibit high gas permeability to 
allow the reactive gases to be supplied to catalytic activation points of the catalytic 
particles covered with the proton conduction material. If the proton conduction 
material contained in the catalytic layer exhibits low reactive gas permeability, 

10 formation of reactive points (three-phase interfaces) is difficult. 

[0007] Nafion® exhibits high reactive gas permeability in the presence of 
water content. Therefore, in order to control reactive gas permeability, the 
percentage of water content needs to be adjusted. Too high a percentage of water 
content also may cause inconveniences such as flooding and the like. Not to 
15 mention Nafion®, any hygroscopic proton conduction material causes liquid water 

absorbed therein to dissolve reactive gases and allows the reactive gases to permeate 
therethrough. Proton conduction materials in a wet state seldom raise a problem of 
the deficiency of reactive gas permeability. 

[0008] However, if a proton conduction material contained in a catalytic 
20 layer is dry during a starting operation of a fuel cell or the like, the amount of water 
as a medium for displacing reactive gases is insufficient, so that a sufficient amount 
of the reactive gases cannot be supplied to the catalytic activation points of catalytic 
particles. Therefore, if the catalytic layer is not wet enough, the fuel cell cannot 
perform its function properly. Similarly, since the percentage of water contained in 
25 the proton conduction material in the catalytic layer cannot be controlled 

appropriately under conditions such as non-humidifled operation and the like, the 
fuel cell cannot perform its function properly. 

SUMMARY OF THE INVENTION 

30 [0009] As one aspect of the invention, there are provided a proton 

conduction material which has high proton conductivity and which exhibits high 
reactive gas permeability regardless of the percentage of water content, and a 
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method of manufacturing such a proton conduction material. This proton 
conduction material comprises a polymer material which has a molecular structure 
having a main chain and a side chain grafted on the main chain and at least partially 
including an end structure expressed by a formula shown below, and which has a 
5 strong acid functional group in the molecular structure. 

R1 

I 

Si — R2 ...(1) 

I 

R3 

[0010] In the formula (1), Rl, R2 and R3 are independent of one another 
1 0 and represent a hydrocarbon radical, a fluoro-substituted hydrocarbon radical, or a 

trimethylsiloxy radical. 

[001 1] The method of manufacturing the proton conduction material 
comprises the steps of grafting a side chain on a main chain such that a molecular 
structure at least partially including an end structure expressed by the formula (1) 

1 5 shown above is obtained, and introducing a strong acid functional group into the 

molecular structure. 

[0012] Moreover, as another aspect of the invention, there are provided 
another proton conduction material and a method of manufacturing it. This proton 
conduction material comprises a polymer of a mixture which contains a monomer 
20 having a vinyl radical and a monomer expressed by a formula shown below and 
whose molecular structure has a strong acid functional group. 

R4 
I 

Si— R5 ...(2) 

I 

R6 

25 [0013] In the formula (2), R4, R5 and R6 are independent of one another 

and represent a hydrocarbon radical, a fluoro-substituted hydrocarbon radical, or a 
trimethylsiloxy radical. 

[0014] The method of manufacturing the proton conduction material 
comprises the step of introducing a strong acid functional group into a molecular 
30 structure containing a monomer having a vinyl radical and a monomer expressed by 
the formula (2) shown above. 
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[0015] That is, as is apparent from the formulas (1) and (2), permeability of 
reactive gases can be enhanced by introducing a molecular structure in which three 
hydrocarbon radicals and the like are bonded to silicon into a proton conduction 
material. Since the molecular structure thus introduced is weak in interaction 
5 among the hydrocarbon radicals and the like and is bulky as well, gaps are created 
among atoms constituting the proton conduction material. If the number of the 
gaps among the atoms in the proton conduction material increases, the diffusion 
coefficient of the reactive gases increases. As a result, permeability of the reactive 
gases is enhanced. 

10 

DESCRIPT ION OF T H E EXEM PL A R Y EMBODIM EN T S 

[00 1 6] In the following description, the invention will be described in more 
detail in terms of exemplary embodiments. 

[00 17] A proton conduction material of the embodiments can be suitably 
1 5 used as an electrolyte employed in a catalytic layer of an MEA of a fuel cell. The 

proton conduction material of the embodiments has a larger oxygen permeability 
coefficient than Nafion® at a relative humidity of 0%. For instance, while 
Nafion® has an oxygen permeability coefficient of 8.4x1 0 -10 at a relative humidity 
of 0%, the proton conduction material of the embodiments has an oxygen 
20 permeability coefficient larger than 8.4x1 0"‘°, preferably, an oxygen permeability 

coefficient equal to or larger than about 2. Ox 1 0“ 7 at a relative humidity of 0%. The 
molecular weight of the proton conduction material is not specifically limited, but is 
preferably equal to such a value that the proton conduction material does not 
dissolve into water or the like during use thereof. For example, it is preferable that 
25 the molecular weight of the proton conduction material range from several tens of 
thousands to several millions, or that the proton conduction material form a three- 
dimensional structure without adversely affecting flexibility thereof. 

[00 1 8] The proton conduction material of the embodiments may be the 
aforementioned polymer material. However, the proton conduction material can be 
30 used by being mixed with other polymer compounds. Although the polymer 
compounds to be mixed with the proton conduction material are not specifically 
limited, they include Nafion®, polyethylene oxide, polyvinyl alcohol, polyacrylic 
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acid, polysulfonic acid, silica gel and the like. In the case where other polymer 
compounds are mixed with the proton conduction material of the embodiments, it is 
preferable that the ratio of the proton conduction material of the embodiments to the 
resultant mixture be equal to or higher than 50 weight %, more preferably, be equal 
5 to or higher than 60 weight %. 

[00 1 9] [Embodiment 1 ] A proton conduction material of the embodiment 
1 is a polymer material having a molecular structure consisting of a main chain and a 
side chain grafted on the main chain. In the present specification, the "main chain" 
means the longest chain in a polymer compound molecule constituting the polymer 
10 material, while the "side chain" means a chain connected to a certain part of the main 
chain. The polymer material constituting the proton conduction material of the 
embodiment 1 may be either a linear polymer or a polymer having a three- 
dimensional network structure. From the standpoint of flexibility, however, it is 
preferable that the polymer material be a linear polymer. 

15 [0020] The main chain and the side chain are not specifically limited in 

structure. For instance, a structure mainly composed of carbon-carbon bonds or a 
structure mainly composed of silicon-oxygen bonds is possible. More specifically, 
the structure mainly composed of carbon-carbon bonds may be polyolefin, fluoro- 
substituted olefin obtained by partially or entirely substituting fluorine for hydrogen 
20 contained in polyolefin, polystyrene, polyamide, polyimide, or the like. In 

particular, those having no polar functional group contained in a molecular structure, 
for example, polyolefin, polystyrene and the like are preferred. 

[0021] The structure mainly composed of silicon-oxygen bonds may be 
polycyclohexane. The number of side chains on a main chain is not specifically 
25 limited. However, from the standpoint of the balance among proton conductivity, 
strength and oxygen permeability, it is preferable that every one of about two to ten 
carbon-carbon bonds (or silicon-oxygen bonds) in a main chain have a side chain. 

[0022] In addition, the proton conduction material is characterized in that at 
least part of the side chain has an end structure expressed by the formula (1) where 
30 Rl, R2 and R3 represent a hydrocarbon radical, a fluoro-substituted hydrocarbon 
radical, or a trimethylsiloxy radical. It is preferable that the end structure of the 
side chain be entirely structured as expressed by the formula (1). It is preferable 
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that the end structure expressed by the formula (1) be introduced into the proton 
conduction material of the embodiment 1 such that the mass ratio of the former to 
the latter becomes equal to or higher than 5%, more specifically, equal to or higher 
than 20%. 

5 [0023] It is preferable that R1 , R2 and R3 be selected from a methyl radical, 

an ethyl radical, a propyl radical, a t-butyl radical, a phenyl radical, a trimethylsiloxy 
radical, a trifluoromethyl radical, and a pentafluorophenyl radical. 

[0024] It is preferable that the proton conduction material contain no polar 
functional group such as an OH radical, an amino radical, an SO radical, an SH 
10 radical or the like. This is because polar functional groups are mutually active and 
might cause a decrease in diffusion coefficient of reactive gases. 

[0025] A strong acid functional group to be used in the embodiment 1 is not 
specifically limited. The strong acid functional group may be a sulfonic acid 
functional group, phosphonic acid, acrylic acid, a silanol, a carbinol, or the like. A 
1 5 sulfonic acid functional group is especially preferred as a strong acid functional 

group. The portion of the proton conduction material into which a strong acid 
functional group is to be introduced is not specifically limited. In the case where a 
sulfonic acid functional group is adopted as the strong acid functional group, it is 
preferable that a phenyl radical be introduced into a main chain or a side chain, and 
20 that the sulfonic acid functional group be introduced into the phenyl radical. 

[0026] The method of manufacturing the proton conduction material of the 
embodiment 1 is not specifically limited. For instance, the proton conduction 
material can be manufactured by grafting a side chain on a molecular chain 
corresponding to a main chain. As a method of grafting a side chain on a main 
25 chain, for example, it is possible to produce a radical on a main chain according to 
some method such as radiation of high-energy rays or the like, and to polymerically 
grow a monomer constituting a side chain around the radical. It is possible to 
introduce a reactive functional group into the main chain, and to bond the side chain 
to the functional group. It is also possible to provide an end portion of the side 
30 chain with a polymeric functional group such as a vinyl radical or the like, to 

polymerize it with a monomer constituting the main chain, and to introduce the side 
chain while synthesizing the main chain. 
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[0027] The end structure expressed by the formula (1) can be synthesized by 
causing trialkylchlorosilane (or trimethylsiloxychlorosilane), trialkylsilanol 
(trimethylsiloxysilanol) or the like corresponding to the formula (1) to react with a 
polymer material or a raw material forming a polymer material. 

5 [0028] [Embodiment 2] A proton conduction material of the embodiment 

2 is a polymer obtained by polymerizing the mixture of a monomer having a vinyl 
radical and a monomer expressed by the formula (2). The monomer having the 
vinyl radical and the monomer expressed by the formula (2) form a polymer under 
an appropriate condition. Polymerization can be carried out according to a 
10 generally employed method such as radical polymerization, ionic polymerization or 
the like. 

[0029] The monomer having the vinyl radical is not specifically limited. 
However, the monomer having the vinyl radical may be styrene, ethylene, vinyl 
fluoride, vinylidene fluoride, 3 fluorinated ethylene, 4 fluorinated ethylene, allyl, or 
15 acryl. Especially in the case where a sulfonic acid functional group is adopted as a 
strong acid functional group, adoption of styrene makes it easy to introduce the 
sulfonic acid functional group, as will be described later. 

[0030] It is preferable that the monomer having the vinyl radical contain no 
polar functional group such as an OH radical, an amino radical, an SO radical, an SH 
20 radical, or the like. This is because polar functional groups are mutually active and 
might cause a decrease in diffusion coefficient of reactive gases of the manufactured 
proton conduction material. 

[0031] In the monomer expressed by the formula (2), R4, R5 and R6 are 
independent of one another and represent a hydrocarbon radical, a fluoro-substituted 
25 hydrocarbon radical, or a trimethylsiloxy radical. In particular, it is preferable that 
R4, R5 and R6 be selected from a methyl radical, an ethyl radical, a propyl radical, a 
t-butyl radical, a phenyl radical, a trimethylsiloxy radical, a trifluoromethyl radical, 
and a pentafluorophenyl radical. It is also safe to say that a monomer expressed by 
the formula (2) is one variation of the aforementioned monomer having the vinyl 
30 radical. 
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[0032] It is especially preferable that the monomer expressed by the formula 
(2) be vinyl triethylsilane, vinyl tris (trimethylsiloxy) silane, and/or vinyl-t- 
butyldimethylsilane. 

[0033] In addition, it is preferable that the mixture be polymerized with a 
monomer expressed by a formula (3) shown below being contained therein. 




[0034] Since polymer chains are cross-linked by the monomer expressed by 
10 the formula (3), the proton conduction material to be manufactured increases in 

mechanical strength. It is preferable that the mass ratio of the monomer expressed 
by the formula (3) to the monomer expressed by the formula (1) or (2) range 
approximately from 0.5% to 5%. 

[0035] A strong acid functional group is included in a molecular structure of 
15 the proton conduction material of the embodiment 2. The strong acid functional 

group is not specifically limited. The strong acid functional group may be a 
sulfonic acid functional group, phosphonic acid, acrylic acid, silanol, carbinol, or the 
like. In particular, a sulfonic acid functional group is preferred as the strong acid 
functional group. The portion of the proton conduction material of the embodiment 
20 2 into which the strong acid functional group is to be introduced is not specifically 

limited. In the case where a sulfonic acid functional group is adopted as the strong 
acid functional group, it is preferable that a phenyl radical be introduced into a 
monomer having a vinyl radical, a monomer expressed by the formula (2), and/or a 
monomer expressed by the formula (3), and that the sulfonic acid functional group 
25 be introduced into the phenyl radical. A method of introducing the sulfonic acid 

functional group into the phenyl radical can be realized by using fuming sulfuric 
acid or the like for sulfonation. 

[0036] Some examples will be described hereinafter. 

[0037] [Preparation of Test Samples] (Test Sample 1) At a room 
30 temperature and under the atmosphere of nitrogen, vinyl triethylsilane (a monomer 

compound expressed by the formula (2) with R4, R5 and R6 being all ethyl radicals), 
styrene, and diallylmethylphenylsilane (a monomer compound expressed by the 
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formula (3) with R7 and R8 being a methyl radical and a phenyl radical respectively) 
were mixed at a molar ratio of 1 1 :2:0.3 in a methylene chloride as a solvent. As a 
result, the mixture was obtained. 

[0038] A solution obtained by adding 0.01 mole of AIBN 
5 (azobisisobutyronitrile) as a polymerization initiator to the mixture having the 
above-mentioned molar ratio was applied onto a glass board and heated at a 
temperature of 70°C for 12 hours, so that a thin film was obtained through radical 
polymerization. Fuming sulfuric acid having a concentration of 60% was held in 
contact with the thin film for four hours, so that a phenyl radical originating from 
10 styrene was sulfonated. The thin film was washed well with pure water and ethanol 
and then dried, so that the thin film made of a proton conduction material as the test 
sample 1 was obtained. 

[0039] (Test Sample 2) At a room temperature and under the atmosphere 
of nitrogen, vinyl tris (trimethylsiloxy) silane (a monomer compound expressed by 
15 the formula (2) with R4, R5 and R6 being all trimethylsiloxy radicals), styrene, and 
diallylmethylphenylsilane were mixed at a molar ratio of 6:2:0.4 in methylene 
chloride as a solvent. As a result, the mixture was obtained. 

[0040] A solution obtained by adding 0.01 mole of AIBN as a 
polymerization initiator to the mixture having the above-mentioned molar ratio was 
20 applied onto a glass board and heated at a temperature of 70°C for 12 hours, so that a 
thin film was obtained through radical polymerization. Fuming sulfuric acid 
having a concentration of 60% was held in contact with the thin film for four hours, 
so that a phenyl radical originating from styrene was sulfonated. The thin film was 
washed well with pure water and ethanol and then dried, so that the thin film made 
25 of a proton conduction material as the test sample 2 was obtained. 

[0041] (Test Sample 3) At a room temperature and under the atmosphere 
of nitrogen, vinyl t-butyl dimethylsilane (a monomer compound expressed by the 
formula (2) with R4, R5 and R6 being a t-butyl radical, a methyl radical and a 
methyl radical respectively), styrene, and diallylmethylphenylsilane were mixed at a 
30 molar ratio of 12:2:0.5 in methylene chloride as a solvent. As a result, the mixture 
was obtained. 
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[0042] A solution obtained by adding 0.01 mole of AIBN as a 
polymerization initiator to the mixture having the above-mentioned molar ratio was 
applied onto a glass board and heated at a temperature of 70°C for 12 hours, so that a 
thin film was obtained through radical polymerization. Fuming sulfuric acid 
5 having a concentration of 60% was held in contact with the thin film for four hours, 

so that a phenyl radical originating from styrene was sulfonated. The thin film was 
washed well with pure water and ethanol and then dried, so that the thin film made 
of a proton conduction material as the test sample 3 was obtained. 

[0043] (Test Sample 4) A thin film made of Nafion® 117 was adopted as 
10 a thin film made of a proton conduction material of the test sample 4. 

[0044] [Test] (Measurement of Proton Conductivity) A proton 
conductivity of each of the thin films as the test samples 1 to 4 was measured. The 
measurement of proton conductivity was carried out according to an alternating- 
current impedance method at an atmospheric temperature of 80°C with the relative 
15 humidity fluctuating among 30%, 60% and 90%. Each of the test samples was 

preserved under the atmosphere of its own for two hours, so that the amount of water 
contained in the thin film reached a value corresponding to an equilibrium state. 
Then, a proton conductivity of each of the test samples was measured. 

[0045] (Measurement of Oxygen Permeability Coefficient) An oxygen 
20 permeability coefficient of each of the thin films as the test samples 1 to 4 was 

measured. A testing device having two regions was prepared, so that the thin film 
of each of the test samples would serve as a partition separating the two regions from 
each other. Each of the two regions has a gas inflow passage and a gas outflow 
passage. Argon gas was caused to flow from the gas inflow passage of one of the 
25 two regions at a rate of 500mL/min, while air was caused to flow from the gas 
inflow passage of the other region at a rate of 500mL/min. Gas components 
contained in the region where argon gas was caused to flow were analyzed by means 
of a gas chromatograph. An evaluation was then made as to the amount of each of 
the components contained in air permeating the thin film. 

30 [0046] Water vapor was intermittently added to air to be supplied so that the 

relative humidity of the air would reach 90%. Each of the thin films was shifted 
between a wet state and a dry state by adding water vapor or abstaining from adding 
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water vapor. During a transition between the wet state and the dry state, changes in 
the amount of oxygen or the like permeating the thin film of each of the test samples 
were measured. An oxygen permeability coefficient of the thin film of each of the 
test samples was calculated from a result of oxygen permeability measured as 
5 described above. 

[0047] (Result) A table 1 shows proton conductivity values of the test 
samples, while a table 2 shows oxygen permeability coefficients of the test samples. 



[0048] [Table 1] 





Relative Humidity 




30% 


60% 


90% 


Test Sample 1 


5.0x1 O' 3 


1.9x1 O' 2 


5.5x1 O' 2 


Test Sample 2 


8.0x1 O' 3 


i . i x 1 0' 2 


3.2x1 0' 2 


Test Sample 3 


3.0x1 O' 3 


7.0x1 0' 3 


1.6x1 0’ 2 


Test Sample 4 


1.8x10 2 


3.5X10' 2 


8.7x1 O' 2 



(S/cm) 



[0049] [Table 2] 





Oxygen Permeability Coefficient (cm 3 cm 1 S 1 cmHg ’) 




DRY (Relative Humidity 0%) 


WET (Relative Humidity 90%) 


Test Sample 1 


7.3x1 O’ 7 


2.5x1 O’ 7 


Test Sample 2 


2.1 x]0- 7 


1.2xl0- 7 


Test Sample 3 


6.4x] O' 7 


2.2x1 O' 7 


Test Sample 4 


8.4x1 O' 10 


4.9x1 O' 7 



10 [0050] As is apparent from Table 1, with the relative humidity ranging from 

30% to 90%, the test samples 1 to 3 are quite close in proton conductivity to the test 
sample 4, which is Nafion® as a representative proton conduction material of the 
related art. 

[0051] As is apparent from Table 2, at a relative humidity of 0%, the test 
1 5 samples 1 to 3 are more or less 1 0 3 times as large in oxygen permeability coefficient 

as the test sample 4, which is Nafion® as a representative proton conduction 
material of the related art. Accordingly, even if the percentage of water content in 
a catalytic layer is low during a starting operation of a fuel cell, the test samples 1 to 
3 are expected to be able to demonstrate sufficient reactive gas permeability. Even 
20 if the relative humidity is shifted between 0% and 90%, the test samples 1 to 3 do 
not substantially change in oxygen permeability coefficient. On the other hand, as 
the relative humidity rose, it was observed that the test sample 4 increased in oxygen 
permeability coefficient. Thus, by adopting the test samples 1 to 3 as a proton 
conduction material for dispersing catalyst particulates in a catalytic layer, it may 
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become possible to omit an operation of controlling the amount of water contained 
in a fuel cell. If the operation of controlling the amount of water contained in the 
fuel cell can be omitted, it is possible to adopt a low-cost operation method such as 
non-humidified operation. 

5 [0052] The proton conduction material of the invention whose molecular 

structure has an end structure expressed by the formula (1) can exhibit high oxygen 
permeability while maintaining high proton conductivity. Accordingly, this proton 
conduction material can be suitably applied to uses requiring large reactive gas 
permeability coefficients, that is, can be suitably employed in a catalytic layer of an 
10 electrode of a fuel cell or the like. 

[0053] The proton conduction material of the invention which is obtained by 
copolymerizing monomers expressed by the formula (2) can exhibit high oxygen 
permeability while maintaining high proton conductivity. Accordingly, this proton 
conduction material can be suitably applied to uses requiring large reactive gas 
1 5 permeability coefficients, that is, can be suitably employed in a catalytic layer of an 
electrode of a fuel cell or the like. 

[0054] The proton conduction material of the invention can exhibit high 
reactive gas (oxygen) permeability even if the percentage of water content is low. 
Thus, there is no need to control the percentage of water content if the proton 
20 conduction material of the invention is employed in a fuel cell. Therefore, a unit 
for controlling the percentage of water content can be omitted, so that reductions in 
cost can be achieved. 

[0055] While the invention has been described with reference to exemplary 
embodiments thereof, it is to be understood that the invention is not limited to the 
25 exemplary embodiments or constructions. To the contrary, the invention is 

intended to cover various modifications and equivalent arrangements. In addition, 
while the various elements of the exemplary embodiments are shown in various 
combinations and configurations, which are exemplary, other combinations and 
configurations, including more, less or only a single element, are also within the 
30 spirit and scope of the invention. 




